A model of inflammatory polyarthritis can be induced in rats' and mice 2 Collagen; Native bovine type II collagen was extracted from nasal septum cartilage by pepsin solubilisation after previous treatment with 2 M magnesium chloride.10 Acid-soluble native type I collagen was extracted from fetal calf skin and purified by the method of Jackson and Cleary."1 Both collagens were lyophilised and stored at-20°C in a desiccator until used. The collagen types appeared pure on polyacrylamide gel electrophoresis and the type II collagen was negative for uronic acid, suggesting that there was no proteoglycan contamination.12 For Rats were injected intradermally on the back at several sites with a total of 1 ml of emulsion containing 500 ug of native type I or II collagen or buffer alone.
Rats were examined throughout the experiment for evidence of arthritis or nonarticular lesions. All rats were immunised and kept in the animal unit of the Manchester Medical School.
Blood was collected from rats under light ether anaesthesia by cardiac puncture. After clotting, the blood was centrifuged at 1 5OOg for 7 minutes and the serum removed and stored at -20°C.
IN-VITRO MONONUCLEAR CELL STIMULATION
The inguinal, popliteal, axillary, and brachial lymph nodes were removed aseptically into 10 ml of sterile Hanks balanced salt solution (HBSS) and gently teased out. The cell suspension was filtered through rough and then fine gauze before layering on The radiometric ear assay was based on the method of Gans et al.14 50 ,lI of the test (1 mg/ml concentration) antigen was injected into the pinna of one ear of a rat and 50 Al of the buffer in which the antigen was dissolved was injected into the pinna of the opposite ear. After 6 hours 2 ,uCi (0 5 ml) of .25IUdR was injected subcutaneously into the flank. After a further 18 hours the rats were killed and the pinnae were removed at the hairline. Blood was also taken at this time. The samples were counted on the LKB gamma spectrometer and the ratios of the counts per minute (cpm) of the antigen-injected ear to the cpm of the buffer-injected ear were calculated.
The antigen specificity of the elicited ear response was checked by challenging both native type I and native type II collagen sensitised rats with both native type I and native type II collagen; and by challenging both unsensitised rats and rat sensitised to buffer and adjuvant alone with native type II collagen.
RADIOIMMUNOASSAY
Serum IgG antibodies to collagen were measured by an adaption of the assay described by Clague et al. 15 Tween 20 to a concentration of 0 05 % was added to all PBS solutions used for washing procedures to cut down the levels of nonspecific binding. Results were expressed as the amount of radioactively labelled anti-rat IgG bound by the collagen-specific antibodies in the rat sera.
STATISTICS
The collagen stimulation index was compared with the con-A stimulation index by means of Pearson's correlation coefficient. The serum IgG levels to native bovine type II collagen were compared with both the collagen stimulation index and the con-A stimulation index by the same parametric statistical test.
The ear index was compared between groups of rats by the Mann-Whitney U test and compared with the serum IgG levels to native bovine type II collagen by Spearman's correlation coefficient. The latter 2 nonparametric tests were used as these data were not normally distributed. In 5 rats sensitised to native type II collagen +ICFA the ear ratios were between 1 1 and 1-4 when challenged with native type I collagen (column D) 21 days after immunisation. This group included an arthritic rat which had a ratio of 1 1. These findings suggest that these ratios of 1 6 and below are nonspecific responses.
A group of 20 Sprague-Dawley rats immunised 10 days previously with native bovine type II collagen gave ear ratios between 0 7 and 3 5 (median 1.4), (fig. 4 , column E). This was before any clinical signs of arthritis.
When a group of 84 rats (Sprague-Dawley) immunised with native type II collagen in ICFA 19-21 days previously were challenged with native type II collagen in the ear assay, ratios between 0 8 and 5.5 (median 1-4) were obtained for the 67 clinically nonarthritic rats and 1 5-6-9 (median 3.2) for the 17 arthritic rats (Fig. 4, columns F and G) . These groups were statistically significantly different by the Mann-Whitney U test (p<0001).
In 54 of these rats ( 10 arthritic, 44 nonarthritic) the serum IgG levels to native type II collagen were measured on days 20-21 and are shown in Fig. 5 plotted against the ear responses. There was a tendency for arthritic rats to have both a high ear ratio and high antibody levels, though some rats which did not develop clinical arthritis also had similar levels. However, there was no statistically significant correlation between ear ratios and the anticollagen antibody level in arthritic rats, but there was a correlation in nonarthritic rats (p<0001).
A group of 10 Alderley Park rats immunised with ICFA emulsified with buffer 21 days previously and challenged with native bovine type II collagen in the ear assay gave ratios between 0-6 and 1-4 (median 1-05. These were similar ratios to those found in Sprague-Dawley rats immunised in the same manner.
A group of 17 Sprague-Dawley rats and 23 Alderley Park rats were immunised with native bovine type II collagen, and the radiometric ear index was measured on the day of onset of arthritis and on day 28 in those rats which were nonarthritic. Three of the 17 (17-6%) Sprague-Dawley rats and 14 of the 23 (60 9%) Alderley Park rats developed an inflammatory arthritis. Ear indices for rats on the day of onset of arthritis were between 1-3 and 3-1 (median 2.2) for Alderley Park rats and 1-8-3-4 (median 3 0) for the Sprague-Dawley rats (Fig. 6 ). For nonarthritic rats the ratios were between 1 The radiometric ear assay was used as a measure of the accumulation of radioactively labelled cells at the site of antigen challange. We have shown the assay to be specific in that high indices were obtained only by a challenge with native type II collagen in rats immunised with native type II collagen. The majority of arthritic rats gave high indices, while the majority of nonarthritic rats gave levels similar to the control groups, and this difference was statistically significant. However, a few arthritic rats gave indices at the control levels even on the day of onset of arthritis, and some nonarthritic rats had high ear indices equivalent to those found in arthritic rats. The radiometric ear assay is said to be a measure of delayed-type hypersensitivity, a T-cell-dependent delayed response."8 As some arthritic rats had ear indices at the control levels even on the day of onset of arthritis, this response may not be important in the induction of the arthritis but again may play a role in determining whether the arthritis becomes chronic or not.
There was no correlation between the serum levels of IgG antibody to native bovine type II collagen and the in-vitro lymphocyte stimulation index in immunised rats whether they were arthritic or not. All the rats had some serum antibody to collagen but not all responded in the in-vitro lymphocyte stimulation assay. The arthritic rats tended to have high levels of antibody to native type II collagen in their serum, suggesting that the antibodies might be important in the arthritis, although some nonarthritic rats also had high levels of antibody.
There was no correlation between the serum levels of IgG antibody to native type II collagen and the radiometric ear indices in arthritic rats, but there was in nonarthritic rats. Again all arthritic rats had high levels of antibodies.
Thus the in-vitro test for cell mediated immunity (CMI) suggested that CMI to collagen may not be important in initiating the arthritis, though its part in prolonging the response is unresolved. The in-vivo test was equivocal, in that, while most arthritic rats had higher ear ratios than nonarthritic rats, some had no response on the day of onset of arthritis. However, all the rats which were arthritic had serum IgG antibodies to native type II collagen, and this finding is in agreement with previous reports.3`5 Thus antibodies to collagen seem to play a more predominant role in the initiation of the arthritis. This role for antibody is supported by the apparent necessity for complement in the induction of this arthritis8 and by the demonstration of the passive transfer of arthritis to naive rats by antibody alone.7 Other predisposing factors may also be necessary, since some rats can produce this immune response to collagen without signs of clinical arthritis. 
